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Preface

Every map must begin, either consciously or
unconsciously, with the choice of a map projec-
tion, the method of transforming the spherelike
surface being mapped onto a flat plane. Because
this transformation can become complicated,
there is a tendency to choose the projection
that has been used for a suitable available
base map, even if it does not emphasize the
desired properties.

This album has been prepared to acquaint
those in the cartographic profession and other
cartophiles with the wide range of map projec-
tions that have been developed during the past
few centuries. Because including all of the hun-
dreds of known projection systems would be
both difficult and expensive, this volume pre-
sents some 90 basic projections in over 130
different modifications and aspects. Dozens of
other projections are mentioned briefly. All the
popular projections have been included, along
with many others that have interesting appear-
ances or features, even if their usefulness for
any serious mapping is limited.

The most important question to raise about a
map projection concerns distortion. How accu-
rately does the flat projection show the desired
portion of the spherelike Earth (or heavens or
planetary body)? Since accuracy is desired in
area, shape, and distance but cannot be achieved
in all three simultaneously and since the region
mapped may vary in overall extent and shape,
the answer is not clear cut. Because this album
emphasizes visual comparisons rather than
tables of scale variation, the Tissot indicatrix
has been adopted as the most common means
of comparing distortion on different parts of
the same projection and on different projec-
tions.

Computerized plotting has facilitated the
preparation of many outline map projections

on a standardized basis, so that comparisons
are more realistic. These maps have been plot-
ted on film as lines 0.005 in. wide by means of
a photo-head computer-driven plotter and World
Data Bank I shoreline files (national boundaries
included where appropriate). Central meridians
and other parameters have been given the same
values in so far as it was practical.

Some smaller maps have been prepared with
the Dahlgren (Hershey) shoreline file. The map
projection software for any given map
consisted of one of three programs. WORLD
was developed for a mainframe computer by
Philip Voxland at the University of Minnesota.
CYLIND and AZIMUTH were developed for a
personal microcomputer and converted to
mainframe computer programs at the U.S.
Geological Survey (USGS) by John Snyder,
with the guidance of Michael K. Linck, Jr., and
John F. Waananen. The authors thank Joel L.
Morrison, past president of the International
Cartographic Association and Assistant
Division Chief for Research, National Mapping
Division, USGS, for writing the introduction to
this book, as well as Tau Rho Alpha (USGS)
and Arthur H. Robinson (University of
Wisconsin/Madison) for many constructive
comments on the manuscript. The authors also
thank Christopher J. Cialek, Kathie R. Fraser,
Carolyn S. Hulett, and Ann Yaeger of the USGS
for their assistance.

John P. Snyder
Philip M. Voxland
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Introduction

The puzzling world of map projections has
fascinated humans for at least 2,500 years.
Perhaps no single aspect of the cartographic
discipline has held the cartographer’s interest
so consistently throughout history. How does
one portray on a nonspherical surface the es-
sentially spherical shape of the planet on which
we live? It cannot be done without distortion,
but the number of ways in which that distortion
can be handled is infinite.

Although the subject is inherently mathemat-
ical and very complex in some instances, it
also is highly visual and readily calls forth
human reactions ranging from near disbelief to
unquestioned acceptance as truth, from confu-
sion to a clear understanding of information.
Map projections have been devised for prop-
aganda purposes, as evidence in court, for use
in detailed planning, and to attract attention.

Most people are affected more than they
realize by map projections. Cognition of the
relative areas and shapes on the Earth’s surface
and knowledge (correct or incorrect) of angles,
sizes, distances, and other relationships among
places on the globe are determined by the car-
tographer’s choice of map projections. “An
Album of Map Projections” should enable read-
ers to sharpen and in some cases to correct
their knowledge of the distances, directions,
and relative areas of the world.

Although there has been no dearth of valuable
books describing a wide range of map projec-
tions, “An Album of Map Projections” is the
first attempt to set forth in a comprehensive
manner most of the useful and commonly known
map projections. Consistent and concise non-
mathematical textural descriptions are accom-
panied by standardized visual protrayals. De-
scriptions of graticules, scale, distortion char-
acteristics, and aspects are carefully worded.
Supplemental information on usage, origin, and
similar projections is also presented.

No other collection of world portrayals is
comparable, because of the standard-format
illustrations and the accompanying distortion
diagrams presented in this volume. These il-
lustrations will be useful for classroom teaching,
for selecting a projection to fit an output format,
and for making visual comparisons between
projections.

An appendix contains forward formulas for
all but a few highly complex projections to
transform from latitude and longitude positions
on a sphere to rectangular coordinates. Inverse
formulas and formulas treating the Earth as
an ellipsoid have not been included. Standardized
notation is introduced and used throughout.

Finally, it must be noted that this volume
could not have been realistically produced with-
out the aid of a computer. Aithough a compen-
dium of this nature has been needed for decades
(to avoid some of the confusion resulting from
identical projections’ being called by different
names, if nothing eise), the enormity of manu-
ally compiling the necessary information pre-
vented its production. The computer’s ability to
calculate and plot the portrayals made this
album possible.

Joel L. Morrison



Glossary

Aspect Conceptual placement of a projection
system in relation to the Earth’s axis (direct,
normal, polar, equatorial, oblique, and so
on).

Authalic projection See Equal-area projection.

Azimuthal projection Projection on which the
azimuth or direction from a given central
point to any other point is shown correctly.
Also called a zenithal projection. When a
pole is the central point, all meridians are
spaced at their true angles and are straight
radii of concentric circles that represent
the parallels.

Central meridian Meridian passing through the
center of a projection, often a straight line
about which the projection is symmetrical.

Central projection Projection in which the Earth
is projected geometrically from the center
of the Earth onto a plane or other surface.
The Gnomonic and Central Cylindrical pro-
jections are examples.

Complex algebra Branch of algebra that deals
with complex numbers (combinations of
real and imaginary numbers using the
square root of —1).

Complex curves Curves that are not elementary
forms such as circles, ellipses, hyperbolas,
parabolas, and sine curves.

Composite projection Projection formed by
connecting two or more projecticns along
common lines such as parallels of latitude,
necessary adjustments being made to
achieve fit. The Gocde Homolecsine projec-
tion is an example.

Conformal projection Projection on which all
angles at each point are preserved. Also
called an orthecmorphic projection.

Conceptually projected Convenient way to visu-
alize a projection system, although it may
not correspend to the actual mathematical
projection methed.

Conic projection Projection resulting from the
conceptual projection of the Earth ontc a

tangent or secant cone, which is then cut
lengthwise and laid flat. When the axis of
the cone coincides with the polar axis of
the Earth, all meridians are straight equidis-
tant radii of concentric circular arcs repre-
senting the parallels, but the meridians are
spaced at less than their true angles.
Mathematically, the projection is often only
partially geometric.

Constant scale Linear scale that remains the
same along a particular line on a map,
although that scale may not be the same
as the stated or nominal scale of the map.

Conventional aspect See Direct aspect.

Correct scale Linear scale having exactly the
same value as the stated or nominal scale
of the map, or a scale factor of 1.0. Also
called true scale.

Cylindrical projection Projection resulting from
the conceptual projection of the Earth onto
a tangent or secant cylinder, which is then
cut lengthwise and laid flat. When the axis
of the cylinder coincides with the axis of
the Earth, the meridians are straight, paral-
lel, and equidistant, while the parallels of
latitude are straight, parallel, and perpen-
dicular to the meridians. Mathematically,
the projection is often only partially gecmet-
ric.

Direct aspect Form of a projection that provides
the simplest graticule and calculations. It
is the polar aspect for azimuthal projections,
the aspect having a straight Equator for
cylindrical and pseudocylindrical projec-
tiocns, and the aspect showing straight meri-
dians for conic projections. Alsoc called
conventional or normal aspect.

Distortion Variation cf the area or linear scale
on a map from that indicated by the stated
map scale, cr the variation of a shape or
angle on a map frem the corresponding
shape or angle on the Earth.

Ellipsoid When used to represent the Earth, a

solid geometric figure formed by rotating
an ellipse about its minor (shorter) axis.
Also called spheroid.

Equal-area projection Projection on which the
areas of all regions are shown in the same
proportion to their true areas. Also called
an equivalent or authalic projection. Shapes
may be greatly distorted.

Equatorial aspect Aspect of an azimuthal pro-
jection on which the center of projection or
origin is some point along the Equator. For
cylindrical and pseudocylindrical projec-
tions, this aspect is usually called conven-
tional, direct, normal, or regular rather
than equatorial.

Equidistant projection Projection that maintains
constant scale along all great circles from
one or two points. When the projection is
centered on a pole, the parallels are spaced
in proportion to their true distances along
each meridian.

Equivalent projection See Equal-area projec-
tion.

Flat-polar projection Projection on which, in
direct aspect, the pole is shown as a line
rather than as a point.

Free of distortion Having no distortion of shape,
area, or linear scale. On a flat map, this
condition can exist only at certain points or
along certain lines.

Geometric projection See Perspective projec-
tion.

Globular projection Generally, a nonazimuthal
projection developed befcre 1700 on which a
hemisphere is enclosed in a circle and meri-
dians and parallels are simple curves or
straight lines.

Graticule Network of lines representing a selec-
tion of the Earth’s parallels and meridians.

Great clrcle Any circle on the surface of a
sphere, especially when the sphere repre-
sents the Earth, formed by the intersecticn
of the surface with a plane passing through



the center of the sphere. It is the shortest
path between any two points along the circle
and therefore important for navigation. All
meridians and the Equator are great circles
on the Earth taken as a sphere.

Indicatrix Circle or ellipse having the same
shape as that of an infinitesimally small
circle (having differential dimensions) on
the Earth when it is plotted with finite
dimensions on a map projection. Its axes
lie in the directions of and are proportional
to the maximum and minimum scales at
that point. Often called a Tissot indicatrix
after the originator of the concept.

Interrupted projection Projection designed to
reduce peripheral distortion by making use
of separate sections joined at certain points
or along certain lines, usually the Equator
in the normal aspect, and split along lines
that are usually meridians. There is nor-
mally a central meridian for each section.

Large-scale mapping Mapping at a scale larger
than about 1:75,000, although this limit is
somewhat flexible.

Latitude (geographic) Angle made by a perpen-
dicular to a given point on the surface of a
sphere or ellipsoid representing the Earth
and the plane of the Equator (+ if the
point is north of the Equator, — if it is
south). One of the two common geographic
coordinates of a point on the Earth.

Latitude of opposite sign See Parallel of oppo-
site sign.

Limiting forms Form taken by a system of
projection when the parameters of the for-
mulas defining that projection are allowed
to reach limits that cause it to be identical
with another separately defined projection.

Longitude Angle made by the plane of a meri-
dian passing through a given point on the
Earth’s surface and the plane of the (prime)
meridian passing through Greenwich, Eng-
land, east or west to 180° (+ if the point is

east, — if it is west). One of the two common
geographic coordinates of a point on the
Earth.

Loxodrome Complex curve (a spherical helix)
on the Earth’s surface that crosses every
meridian at the same oblique angle; in
navigation, called a rhumb line. A navigator
can proceed between any two points along
a rhumb line by maintaining a constant
bearing. A loxodrome is a straight line on
the Mercator projection.

Meridian Reference line on the Earth’s surface
formed by the intersection of the surface
with a plane passing through both poles
and some third point on the surface. This
line is identified by its longitude. On the
Earth as a sphere, this line is half a great
circle; on the Earth as an ellipsoid, it is
half an ellipse.

Minimum-error projection Projection having the
least possible total error of any projection
in the designated classification, according
to a given mathematical criterion. Usually,
this criterion calls for the minimum sum of
squares of deviations of linear scale from
true scale throughout the map (“least
squares”).

Nominal scale Stated scale at which a map
projection is constructed.

Normal aspect See Direct aspect.

Oblique aspect Aspect of a projection on which
the center of projection or origin is located
at a point which is neither at a pole nor
along the Equator.

Orthoapsidal projection Projection on which
the surface of the Earth taken as a sphere
is transformed onto a solid other than the
sphere and then projected orthographically
and obliquely onto a plane for the map.

Orthographic projection Specific azimuthal
projection or a type of projection in which
the Earth is projected geometrically onto a

surface by means of parallel projection

lines.

Orthomorphic projection See Conformal projec-
tion.

Parallel Small circle on the surface of the

Earth formed by the intersection of the
surface of the reference sphere or ellipsoid
with a plane parallel to the plane of the
Equator. This line is identified by its
latitude. The Equator (a great circle) is
usually also treated as a parallel.

Parallel of opposite sign Parallel that is equally
distant from but on the opposite side of the
Equator. For example, for lat 30° N. (or
+30°), the parallel of opposite sign is lat
30° S. (or —30°). Also called latitude of op-
posite sign.

Parameters Values of constants as applied to a
map projection for a specific map; examples
are the values of the scale, the latitudes of
the standard parallels, and the central meri-
dian. The required parameters vary with
the projection.

Perspective projection Projection produced by
projecting straight lines radiating from a
selected point (or from infinity) through
points on the surface of a sphere or ellipsoid
and then onto a tangent or secant plane.
Other perspective maps are projected onto
a tangent or secant cylinder or cone by
using straight lines passing through a single
axis of the sphere or ellipsoid. Also called
geometric projection.

Planar projection Projection resulting from the
conceptual projection of the Earth onto a
tangent or secant plane. Usually, a planar
projection is the same as an azimuthal
projection. Mathematically, the projection
is often only partially geometric.

Planimetric map Map representing only the
horizontal positions of features (without
their elevations).



Glossary

Polar aspect Aspect of a projection, especially
an azimuthal one, on which the Earth is
viewed from the polar axis. For cylindrical
or pseudocylindrical projections, this aspect
is called transverse.

Polyconic projection Specific projection or
member of a class of projections in which,
in the normal aspect, all the parallels of
latitude are nonconcentric circular arcs,
except for a straight Equator, and the cen-
ters of these circles lie along a central
axis.

Pseudoconic projection Projection that, in the
normal aspect, has concentric circular arcs
for parallels and on which the meridians
are equally spaced along the parallels, like
those on a conic projection, but on which
meridians are curved.

Pseudocylindrical projection Projection that, in
the normal aspect, has straight parallel
lines for parallels and on which the merid-
ians are (usually) equally spaced along
parallels, as they are on a cylindrical pro-
jection, but on which the meridians are
curved.

Reglonal map Small-scale map of an area cov-
ering at least 5 or 10 degrees of latitude
and longitude but less than a hemisphere.

Regular aspect See Direct aspect.

Retroazimuthal projection Projection on which
the direction or azimuth from every point

on the map to a given central point is shown

correctly with respect to a vertical line

parallel to the central meridian. The reverse

of an azimuthal projection.

Rhumb line See Loxodrome.

Scale Ratio of the distance on a map or globe
to the corresponding distance on the Earth;
usually stated in the form 1:5,000,000, for
example.

Scale factor Ratio of the scale at a particular

location and direction on a map to the stated

scale of the map. At a standard parallel,

Singular polints

Small circle

or other standard line, the scale factor is
1.0.

Secant cone, cylinder, or plane A secant cone

or cylinder intersects the sphere or ellipsoid
along two separate lines; these lines are
parallels of latitude if the axes of the geomet-
ric figures coincide. A secant plane inter-
sects the sphere or ellipsoid along a line
that is a parallel of latitude if the plane is
at right angles to the axis.

Similar (projection) Subjective and qualitative

term indicating a moderate or strong re-
semblance.

Certain points on most but not
all conformal projections at which confor-
mality fails, such as the poles on the normal
aspect of the Mercator projection.

Circle on the surface of a sphere
formed by intersection with a plane that
does not pass through the center of the
sphere. Parailels of latitude other than the
Equator are small circles on the Earth
taken as a sphere.

Small-scale mapping Mapping at a scale smaller

than about 1:1,000,000, alithough the limiting
scale sometimes has been made as large
as 1:250,000.

Spheroid See Ellipsoid.
Standard parallel

In the normal aspect of a
projection, a parallel of latitude along which
the scale is as stated for that map. There
are one or two standard parallels on most
cylindrical and conic map projections and
one on many polar stereographic projec-
tions.

Stereographlc projection Specific azimuthal

projection or type of projection in which
the Earth is projected geometrically onto a
surface from a fixed (or moving) point on
the opposite face of the Earth.

Tangent cone or cylinder Cone or cylinder that

just touches the sphere or ellipsoid along a
single line. This line is a parallel of latitude

if the axes of the geometric figures coin-
cide.

Thematic map Map designed to portray primar-
ily a particular subject, such as population,
railroads, or croplands.

Tissot indlcatrix See Indicatrix.

Topographic map Map that usually represents
the vertical positions of features as well as
their horizontal positions.

Transformed latitudes, longitudes, or poles
Graticule of meridians and parallels on a
projection after the Earth has been turned
with respect to the projection so that the
Earth’s axis no longer coincides with the
conceptual axis of the projection. Used for
oblique and transverse aspects of many
projections.

Transverse aspect Aspect of a map projection
on which the axis of the Earth is rotated
so that it is at right angles to the conceptual
axis of the map projection. For azimuthal
projections, this aspect is usually called
equatorial rather than transverse.

True scale See Correct scale.

Zenlthal projection See Azimuthal projection.



Guide to Selecting Map Projections

This publication displays the great variety of
map projections from which the choice for a
particular map can be made. Althocugh most of
the projections illustrated in this album have
been in existence for many years, cartographers
have been content with using only a few of
them.

This past lack of innovation is easily under-
stood. The difficulty and expense of creating a
new base map using a different projection often
outweighed the perceived benefits. The advent
of computer-assisted cartography has now made
it much easier to prepare base maps. A map
can now be centered anywhere on the globe,
can be drawn according to any one of many
projection formulas, and can use cartographic
data files (coastline boundaries, for example)
having a level of generalization appropriate to
the scale of the map.

However, now that more choices can be made,
the actual decision may be more difficult. Some
of the traditional rules for selecticn are now
merely guidelines. This chapter discusses clas-
sifications of maps and presents well-established
principles for their evaluation. Technical and
mathematical methods also exist for determin-
ing exactly the characteristics of a specific
projection, but those methods are not used
here.

First, we should define what is meant by a
map projection. A projection is a systematic
transformation of the latitudes and longitudes
of locations on the surface of a sphere or an
ellipsoid intc locations on a plane. That is, lo-
cations in three-dimensional space are made to
correspond to a two-dimensional representa-
tion.

If we assume for simplicity that a glcbe,
which is a sphere, can perfectly represent the
surface of the Earth, then all of the following
characteristics must be true of that gicbe:

1. Areas are everywhere correctly represented.

2. All distances are correctly represented.
3. All angles are correctly represented.

4. The shape of any area is faithfully rep-
resented.

When the sphere is projected ontc a plane,
the map will nc ionger have all of these char-
acteristics simultaneously. Indeed, the map
may have ncne cf them. One way of classifying
maps and their precjections is through terms
describing the extent tc which the map preserves
any of those properties.

Properties of Map Projections

An equal-area map projection correctly rep-
resents areas of the sphere on the map. If a
coin is placed on any area of such a map, it
will cover as much of the area of the surface
of the sphere as it would if it were placed else-
where on the map. When this type of projection
is used for small-scale maps showing larger
regions, the distertion of angles and shapes
increases as the distance of an area from the
projection corigin increases.

An equidistant map projection is possible only
in a limited sense. That is, distances can be
shown at the nominal map scale along a line
from only one or two points to any other point
cn the map. The focal points usually are at the
map center cor some central location. The term
is alsc often used to describe maps on which
the scale is shown correctly along all meri-
dians.

An azimuthal map likewise is limited in the
sense that it can correctly show directions or
angles to all other points on the map only with
respect to cne (cor rarely two) central point(s).

A conformal map is technically defined as a
map on which all angles at infinitely smail
locations are correctly depicted. A conformal
projection increasingly distorts areas away
from the map’s point or lines of true scale and

increasingly distorts shapes as the regicn be-
comes larger but distorts the shapes of moder-
ately small areas cnly slightly.

Consistent with these definitions, maps simul-

taneously exhibiting several of these properties
can be devised:

Equal
Conformal area Equidistant Azimuthal
Conformal — No No Yes
Equal area No — No Yes
Equidistant No No — Yes
Azimuthal Yes Yes Yes —

In summary, any map will distort areas,
angles, directions, or distances to some extent.
Since all of these distorticns can be measured
or estimated, one rigorous selection rule would
be “to select a projecticn in which the extreme
distortions are smaller than would cccur in any
other projection used to map the same area”
(Maling, 1973, p. 159).

A map projection may have none of these
general properties and still be satisfactory. A
map projection possessing one of these proper-
ties may nevertheless be a poor cheoice. As an
example, the Mercator projection continues to
be used inappropriately for worldwide thematic
data. The Mercator map projecticn is conformal
and has a valid use in navigation but very
seriously distorts areas near the poles, which it
cannot even show. It should not be used (al-
though it frequently is) for depicting general
information or any area-related subjects.

Classification Based on Construction

From the perspective of design as well as
distortion reduction, a projection may be
selected because of the characteristic curves
formed by the meridians and parallels. L.P.
Lee preferred terms based on the pattern formed
by the meridians and parallels in the normal
aspect or corientation. The following definitions
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are quoted from his 1944 paper, “The nomen-
clature and classification of map projections”
(Lee, 1944, p. 193):

Cylindric: Projections in which the meridians
are represented by a system of equidistant
parallel straight lines, and the parallels by a
system of parallel straight lines at right angles
to the meridians.

Pseudocylindric: Projections in which the paral-
lels are represented by a system of parallel
straight lines, and the meridians by concurrent
curves.

Conic: Projections in which the meridians are
represented by a system of equally inclined
concurrent straight lines, and the parallels by
concentric circular arcs, the angle between any
two meridians being less than their true differ-
ence of longitude.

Pseudoconic: Projections in which the parallels
are represented by concentric circular arcs,
and the meridians by concurrent curves.

Polyconic: Projections in which the parallels
are represented by a system of nonconcentric
circular arcs with their centres lying on the
straight line representing the central meridian.

Azimuthal: Projections in which the meridians
are represented by a system of concurrent
straight lines inclined to each other at their
true difference of longitude, and the parallels
by a system of concentric circles with their
common centre at the point of concurrency of
the meridians.

D.H. Maling used an additional term consistent
with Lee’s definitions:
Pseudoazimuthal: Projections comprised of
“concentric circular parallels and curved meri-
dians which converge at the pole at their true
angular values” (Maling, 1960, p. 209).

Finally, a small class of projections has also
been identified by the term retroazimuthal, de-
noting projections in which the direction to a

6

central point from every point on the map is
shown correctly.

Philosophy of Map-Projection Selection

On the basis of these concepts, three tradi-
tional rules for choosing a map projection were
at one time recommended:

1. For low-latitude areas: cylindrical.
2. For middle-latitude areas: conical.
3. For polar regions: azimuthal.

Inherent in these guidelines was the idea that
it would be difficult to recenter a map so that
the area of main interest was near the area of
the map that has the least areal or angular
distortion. On the other hand, it is now much
less difficult than it formerly was to rotate
latitude and longitude coordinates so that any
point is moved to any other new location. As a
result, a projection does not need to be rejected
merely because the only available copy is cen-
tered inappropriately for a new application.

In fact, many projections permit the user to
alter the form of the map to reduce the distor-
tions within a certain area. Most commonly,
such alteration is accomplished by establishing
standard lines along which distortion is absent;
often, these lines are parallels of latitude. How-
ever, most properties of the map projection
are affected when a standard line is changed.
Another way to alter the relationships on a
map is by using different aspects, which involves
moving the center of a projection from the
normal position at a pole or along the Equator
to some other position.

“Map makers must first define the purpose
of a map which in turn can provide answers to
many questions essential to decisions concerning
the projections” (Hsu, 1981, p. 170). When a
map requires a general property, the choice of
a projection becomes limited. For example,
because conformal projections correctly show
angles at every location, they are advisable for

maps displaying the flow of oceanic or atmos-
pheric currents. The risk of using a conformal
projection for a worldwide map is that the
distortion of areas greatly enlarges the outer
boundaries, and a phenomenon may seem to
take on an importance that the mapmaker did
not intend. Equal-area maps should be consid-
ered for displaying area-related subjects or
themes, such as crop-growing regions.

“Once the purpose of a map has been decided,
the geographical area to be included on the
map must be determined. Let us call it the
map area for brevity. The map area can be a
region or the entire world. The larger the area
covered, the greater is the earth’s curvature
involved on the map. .. .If the map area is a
region, then its shape, size, and location are
important determinants in making decisions
concerning projections” (Hsu, 1981, p. 172).

Bearing in mind these determinants, map-
makers can apply traditional rules of choice,
such as those mentioned above, or they can
study the patterns of distortion associated with
particular projections. For example, azimuthal
projections have a circular pattern for lines of
constant distortion characteristics, centered on
the map origin or projection center. Thus, if an
area is approximately circular and if its center
is made the origin of the projection, it is possible
to create a map that minimizes distortion for
that map area. ldeally, the general shape of a
geographic region should be matched with the
distortion pattern of a specific projection.

An appropriate map projection can be selected
on the basis of these principles and classifica-
tions. Although there may be no absolutely
correct choice, it is clearly possible to make a
bad judgment.

Edge Matching

One problem encountered by many map users
is the edge matching of adjacent regions. For
two or more maps to fit exactly along their



edges, whether these be common meridians,
parallels, or rectangular coordinate gridlines,
not only must they be cast on the same projec-
tion and at the same scale, but the projection
for each map must also have the same critical
parameters. The critical parameters, which
vary somewhat with each projection, are those
specifications that affect the shape and size but
not the position or orientation of a projection.

The Mercator projection, which is commonly
used in edge-matching operations, must be
based on the same ellipsoid or sphere and must
use the same scale at the same latitude for
each map. Conic projections such as the Albers,
Lambert Conformal, or Equidistant will match
only if the standard parallels and the ellipsoid
are the same for each map. For the Mercator
and conic projections, the central meridian and
the latitude of origin do not have to be identical
for edge matching. For the Transverse Mercator
projection, however, the ellipsoid, the central
meridian, and the scale along the central meri-
dian must be the same, although the latitude of
origin may vary.

In practice, edge matching is hampered by
the dimensional instability of the paper or other
material that the maps are printed on and also
by cartographic or surveying errors in
extending roads and streams to the edges of
the maps. The differences between the
projections used for large-scale maps may be
small enough to permit a satisfactory fit,
depending on the required accuracy and
purpose of the maps.



Distortion Diagrams

The most important characteristics of a map
projection are the magnitude of distortion and
the effect of that distortion on the intended use
of a map. To assist in evaluating these features,
many of the graticules for the projections de-
scribed herein are presented on two illustra-
tions.

The larger of the two plots uses the Worlid
Data Bank 1 shoreline file (occasionally includ-
ing national boundaries). It also uses the same
central meridian (90° W.), unless doing so would
defeat the purpose of the projection, as it would
with the Briesemeister. Some evaluation of
distortion can be achieved by comparing famil-
iar shapes of islands and shorelines. A more
uniform comparison can be made by using the
smaller plots, which include no shorelines but
which show Tissot indicatrices at every 30° of
latitude and longitude, except at the poles (ar-
bitrarily omitted because of plotting complica-
tions).

The Tissot indicatrix, devised by French car-
tographer Nicolas Auguste Tissot in the 19th
century, shows the shape of infinitesimally
small circles on the Earth as they appear when
they are plotted by using a fixed finite scale at
the same locations on a map. Every circle is
plotted as a circle or an ellipse or, in extreme
cases, as a straight line. On an equal-area pro-
jection, all these ellipses and circles are shown
as having the same area. The flattening of the
ellipse shows the extent of local shape distortion
and how much the scale is changed and in
what direction. On conformal map projections,
all indicatrices remain circles, but the areas
change. On other projections, both the areas
and the shapes of the indicatrices change.

For example, for the conformal Mercator

projection, all indicatrices are circles (fig. 1A,
p. 10). Scale is constant along every parallel;
thus, every circle along a given parallel is the
same size. On the other hand, the farther the
parallel from the Equator, the greater the size
of the circle. Quantitatively, the diameter of
the circle is proportional to the linear scale at
that point, and the area of the circle is
proportional to the area scale. The shape of
the circle also indicates that the (linear) scale
is the same in every direction at a given
point.

Figure 13A (p. 37) represents indicatrices for
the equal-area Sinusoidal projection. The indi-
catrices are circles along the Equator and along
the central meridian, because there is no local
shape distortion there. As it did in figure 1A,
the shape of the circles indicates that the scale
is the same in all directions at each location.
The indicatrices elsewhere are ellipses, charac-
terized by varying degrees of flattening and by
axes pointed in various directions. Because the
areas of all these ellipses are equal, the pro-
jection is equal area. The orientation and flat-
tening of a given ellipse provide additional
information. The major axis represents the
magnitude and direction of the greatest scale
at that point. The magnitude can be determined
by multiplying the map scale by the ratio of
the length of the major axis of the ellipse to
the diameter of the circle at a point of no dis-
tortion, such as a point along the Equator of
this projection. The minor axis represents the
magnitude and direction of the smallest scale
at that point, determined in the same manner.
The angular distortion at each point is similarly
indicated by the indicatrix. At every point,

there is no angular distortion in plotting the
intersection of two particular lines on the Earth,
one in the direction of the major axis of the
ellipse and the other in the direction of the
minor axis. These two lines intersect at right
angles on the Earth (lines AB and CD) and
also at right angles on the map (lines A'B’ and
C'D’). A pair of perpendicular lines inclined at
45° to these lines on the Earth (lines EF and
GH) will not intersect at right angles on the
map if the indicatrix is an ellipse (lines E'F’
and G'H’). This statement is true for every
pair of lines other than the two axes mentioned.
The scale in these various directions is propor-
tional to the length of the diameter across the
ellipse in the same direction. In two particular

G C F
A B
E D H

An infinitely small circle on the Earth, circumscribed
by a square.



E’ D’ H'

The circle shown on the preceding page as plotted on a non-
conformal map, circumscribed by a rectangle.

directions, between the directions of the major
and minor axes on an elliptical indicatrix of an
equal-area map projection, the scale is the
same as that of the map.

Figure 32A (p. 82) illustrates distortions on
the Robinson, a projection that is neither equal
area nor conformal. Both the size and the shape
of the indicatrices change. No point is completely
free of distortion; therefore, all indicatrices
are at least slightly elliptical. Their areas are
proportional to the area scale, and linear scale
and angular distortion can be interpreted just
as they were for the ellipses of the Sinusoidal
plot, except that there is no circular indicatrix.
The indicatrices as shown in this volume are
obviously too small to permit effective quan-
titative scale and distortion measurements.
Nevertheless, they provide more certainty in
this evaluation than do the larger plots of
shorelines.



Cylindrical Projections

Figure 1A.—Mercator projection with Tissot indicatrices, 30°
graticule. All indicatrices are circular (indicating conformality), but
areas vary.

MERCATOR Projection

Classifications
Cylindrical
Conformal

Graticule

Meridians: Equally spaced straight parallel
lines

Parallels: Unequally spaced straight parallel
lines, closest near the Equator, perpendicular
to meridians

Poles: Cannot be shown

Symmetry: About any meridian or the
Equator

Scale

True along the Equator or along two parallels
equidistant from the Equator

Increases with distance from the Equator to
infinity at the poles

Constant along any given parallel; same scale
at parallel of opposite sign (north +, south —)
Same in all directions near any given point

Distortion

Infinitesimally small circles (indicatrices) of
equal size on the globe appear as circles on
the map (indicating conformality) but increase
in size away from the Equator (indicating area
distortion) (fig. 1A). Great distortion of area
in polar regions. Conformality (and therefore
local angle preservation) fails at the poles.

Other features

All loxodromes or rhumb lines (lines that make
equal angles with all meridians and are
therefore lines of constant true bearing) are
straight lines.
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Meridians can be geometrically projected onto
a cylinder, the axis of which is the same as
that of the globe.

Parallels cannot be geometrically (or
perspectively) projected.

Meridians cannot be compressed relative to
parallels, as they can on Cylindrical Equal-
Area and Equirectangular projections, since
conformality would be lost.

Usage

Designed and recommended for navigational
usage because of straight rhumb lines; standard
for marine charts

Recommended and used for conformal mapping
of regions predominantly bordering the
Equator

Often and inappropriately used as a world map
in atlases and for wall charts. It presents a
misleading view of the world because of the
excessive distortion of area.

Origin

Presented by Gerardus Mercator (1512-94) of
Flanders in 1569 on a large world map “for use
in navigation”

Aspects
Normal is described here.

Transverse and Oblique aspects are listed
separately (p. 12-15) because of importance

and common treatment as separate projections.

Other names
Wright (rare) (after Edward Wright of England,
who developed the mathematics in 1599)

DD DD D D DD D Dy T
(PR PAAN AN AR PARNURARN AN AR N VAR AN IEAAN AN
g D—b—F
a 4 da
N
DD DD OO DDDC

Similar projections

Central Cylindrical projection (p. 30) also cannot
show poles, but it is not conformal, and the
spacing of parallels changes much more
rapidly.

Miller Cylindrical projection (p. 35) shows the
poles, is not conformal, and has more gradual
spacing of parallels.

Gall projection (p. 33) shows the poles, is not
conformal, and has more gradual spacing of
parallels.



Figure tB.—Mercator projection, with shorelines, 15° graticule. Central meridian 90° W.
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Cylindrical Projections

Figure 2A.—Transverse Mercator projection, with Tissot indicatrices,
30° graticule.

TRANSVERSE MERCATOR Projection

Classifications
Transverse aspect of Mercator projection

Cylindrical around the giobe tangent to the central

Conformal meridian or secant along two small circles g Jranugy ,Afﬁ\ Prang
equidistant from the central meridian - \®/ T \;’Qf/ T @/ ] \[{5

Graticule Cannot be geometrically (or perspectively) s ~ ’

Meridians and parallels: Central meridian,
each meridian 90° from central meridian, and
the Equator are straight lines. Other meridians
and parallels are complex curves, concave
toward the central meridian and the nearest
pole, respectively.

Poles: Points along the central meridian
Symmetry: About any straight meridian or the
Equator

Scale

True along the central meridian or along two
straight lines on the map equidistant from and
parallel to the central meridian

Constant along any straight line on the map
parallel to the central meridian. (These lines
are only approximately straight for the
projection of the ellipsoid.)

Increases with distance from the central
meridian

Becomes infinite 90° from the central
meridian

Distortion

At a given distance from the central meridian
in figure 2A, the distortion in area is identical
with that at the same distance from the
Equator in figure 1A.
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Other features
Conceptually projected onto a cylinder wrapped

projected
Rhumb lines generally are not straight lines.

Usage

Many of the topographic and planimetric map
quadrangles throughout the world at scales of
1:24,000 to 1:250,000

Basis for Universal Transverse Mercator
(UTM) grid and projection

Basis for State Plane Coordinate System in U.S.
States having predominantly north-south
extent

Recommended for conformal mapping of
regions having predominantly north-south
extent

Origin

Presented by Johann Heinrich Lambert (1728-
77) of Alsace in 1772, Formulas for ellipsoidal
use developed by Carl Friedrich Gauss of
Germany in 1822 and by L. Kriiger of Germany,
L.P. Lee of New Zealand, and others in the 20th
century.

Other names

Gauss Conformal (ellipsoidal form only)
Gauss-Kriuger (ellipsoidal form only)
Transverse Cylindrical Orthomorphic




—90° longitude

with shorelines, 15° graticule. Central meridian 90° E. and W. North Pole at

projection,

Figure 2B.—Transverse Mercator
on base projection.
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OBLIQUE MERCATOR

Projection

Cylindrical Projections

Figure 3A.—Oblique Mercator projection, with Tissot indicatrices,
30° graticule. North Pole at +30° latitude, —90° longitude on base
projection.

Classifications

Oblique aspect of Mercator projection
Cylindrical

Conformal

Graticule

Meridians and parallels: Two meridians 180°
apart are straight lines. Other meridians and
parallels are complex curves.

Poles: Points not on the central line
Symmetry: About either straight meridian

Scale

True along a chosen central line (a great circle
at an oblique angle) or along two straight lines
on the map parallel to the central line
Constant along any straight line parallel to the
central line

(The scale for the projection of the ellipsoid
varies slightly from these patterns.)

Increases with distance from the central line
Becomes infinite 90° from the central line

Distortion

At a given distance from the central line,
distortion on figure 3A is the same as that on
the regular Mercator projection (fig. 1A).

Other features

Conceptually projected onto a cylinder wrapped
around the globe tangent to an oblique great
circle or secant along two small circles
equidistant from and on each side of the central
great circle

14

Cannot be geometrically (or perspectively)
projected

There are various means of adapting to the
ellipsoid, but none can simultaneously maintain
both perfect conformality and constant scale
along the central line.

Usage

Large-scale mapping in Switzerland,
Madagascar, and Borneo

Atlas maps of regions having greater extent
in an oblique direction, such as Hawaii
Recommended for conformal mapping of
regions having predominant extent in oblique
direction, neither east-west nor north-south

Origin

Developed for various applications, chiefly
large-scale mapping of the ellipsoid, by M.
Rosenmund of Switzerland in 1903, J. Laborde
of France in 1928, Martin Hotine of England
in 1947, and others during the 20th century.

Other names

Rectified Skew Orthomorphic (when using
Hotine’s formulas)

Laborde (when using Laborde’s formulas)

Hotine Oblique Mercator (when using Hotine’s
formulas)

Oblique Cylindrical Orthomorphic

Limiting forms

Mercator (p. 10), if the Equator is the central
line

Transverse Mercator (p. 12), if a meridian is
the central line







Cylindrical Projections

LAMBERT CYLINDRICAL EQUAL-AREA Projection

Classifications T \ - -

Cylindrical ‘F/ e ]

Equal area . - , A L e L L e A L A
Perspective - - 4 . ~ ~ ~ E N N ~
Graticule VS S n Yo = S n S h V< o S NS N o \
Meridians: Equally spaced straight parallel L - -+ - -+ + + + N N N N

lines 0.32 as long as the Equator.

Parallels: Unequally spaced straight parallel ™~ S ™ ™ ™~ ™ ~ ™ ™ s
lines, farthest apart near the Equator, = = - + ~ ~ ~ ~ - ~ =S
perpendicular to meridians L |

Poles: Straight lines equal in length to the — — — 1 — — —

Equator

Symmetry: About any meridian or the
Equator

Scale

True along the Equator

Increases with distance from the Equator in
the direction of parallels and decreases in the
direction of meridians to maintain equal area
Same scale at the parallel of opposite sign

Distortion

Infinitesimally small circles (indicatrices) of
equal size on the globe are ellipses except at
the Equator, where they are circles (fig. 4A).
The areas of all the indicatrices are the same.
Thus, there is shape distortion but no area
distortion. Shape distortion in polar regions is
extreme.

Other features

Simple graticule, perspectively projected in
lines perpendicular to the axis onto a cylinder
wrapped around the globe tangent to the
Equator

Usage
Minimal except to describe basic principles in
map projection texts
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Figure 4A. —Lambert Cyilindrical Equal-Area projection with Tissot indicatrices, 30° graticule. Standard parallel 0°. All ellipses have the

same area, but shapes vary.

Prototype for Behrmann and other modified
cylindrical equal-area projections (fig. 58)
Recommended for equal-area mapping of
regions predominantly bordering the Equator

Origin
Presented by Johann Heinrich Lambert (1728-
77) of Alsace in 1772

Aspects

Normal is described here.

Transverse and oblique aspects are rarely used
(figs. 4C, 4D) but are recommended for equal-
area mapping of predominantly north-south
regions or regions extending obliquely.

Other names
Cylindrical Equal-Area

Similar projections

If meridians are compressed relative to
parallels and if the spacing of parallels is
increased in inverse proportion, other
cylindrical equal-area projections result (fig.

5B), and the standard parallel changes. The
extreme case, in which the poles are standard
parallels, consists of a single vertical line,
infinitely long.
Named examples are as follows:

Behrmann

Gall Orthographic

Trystan Edwards

Peters

(See Behrmann Cylindrical Equal-Area

projection, p. 19, for the differences.)



Figure 4B.—Lambert Cylindrical Equal-Area projection with shorelines, 15° graticule. Standard parallel 0°. Central meridian 90° W.
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Cylindrical Projections

LAMBERT CYLINDRICAL EQUAL-AREA Projection

Figure 4C.—Transverse Lambert Cylindrical Equal-Area projection with shorelines, 15° graticule. Central meridians 90° E. and W., at true
scale. North Pole at +90° longitude on base projection.

Figure 4D.—Oblique Lambert Cylindrical Equal-Area projection with shorelines, 15° graticule. Central meridian 90° W. Central great circle
at true scale through latitude 60° N., longitude 180° and latitude 60° S., longitude 0°. North Pole at +30° latitude, —90° longitude on base
projection.
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Cylindrical Projections

BEHRMANN CYLINDRICAL EQUAL-AREA Projection

Classifications e - P N - S
. . b U I — ~— ~— R ~— —t

Cylindrical
Equal area | g

[~ ~T T ™ ™ ™ T ™ - - -
Perspective A€
Graticule
Meridians: Equally spaced straight parallel . e B8 . L g Bs | 1 . | ~
lines 0.42 as long as the Equator. ) { } {\ } \/j \/) \/ } { /\ (\/\ ()/ (j\ f) (‘\ \/\
Parallels: Unequally spaced straight lines,
farthest apart near the Equator, perpendicular
to meridians L | |

i /4N / ya ’ ™ /AR yan i\ Ja dh '

Poles: Straight lines equal in length to the 1 T T /AN AR N AR [ AN AR N (o—p .
Equator
Symmetry: About any meridian or the R L S o Sy S R N | .
E quator b — S~ ~—— ~1 N p— b f — S—
Scale Figure 5A.—Behrmann Cylindrical Equal-Area projection with Tissot indicatrices, 30° graticule. Standard parallels 30° N. and S.
True along latitudes 30° N. and S. at latitudes 30° N. and S. instead of at the
Too small along the Equator but too large at Equator
the Equator along meridians Equivalent to a projection of the globe using

Increases with distance from the Equator in parallel lines of projection onto a cylinder
the direction of parallels and decreases in the secant at 30° N. and S.
direction of meridians to maintain equal area

Same scale at the paraliel of opposite sign Origin
Presented by Walter Behrmann (1882-1955) of
Distortion Berlin in 1910

In contrast to figure 4A, figure 5A shows L

indicatrices as circles at latitudes 30° N. and  Similar projections

S., where there is no distortion, instead of at Lambert Cylindrical Equal-Area (p. 16) by
the Equator. All others appear as ellipses, but Johann Heinrich Lambert in 1772 (Standard
their areas remain the same. They are parallel: Equator)

compressed east to west and lengthened north Gall Orthographic (fig. 5C) by James Gall in
to south between latitudes 30° N. and S. The 1855 (Standard paraliels: 45° N. and S.)

opposite is true poleward of these latitudes. Trystan Edwards in 1953 (Standard parallels
37°24’' N. and S.)
Other features Peters (fig. 5C) by Arno Peters in 1967

Same as the Lambert Cylindrical Equal-Area (Standard parallels: approximately 45° N. and
projection except for horizontal compression S., thus essentially identical with the Gall
and vertical expansion to achieve no distortion Orthographic)
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Cylindrical Projections

BEHRMANN CYLINDRICAL EQUAL-AREA Projection

Figure 58.—Behrmann Cylindrical Equal-Area projection with shorelines, 15° graticule. Central meridian 90° W. Standard parallels 30°
N. and S.
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Figure 5C.—Gall Orthographic or Peters projection with shorelines, 15° graticule. A cylindrical equal-area projection with standard paraliels

45° N. and S. Central meridian 90° W.
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Cylindrical Projections

Figure 6A.—Plate Carrée projection with Tissot indicatrices, 30° graticule.

PLATE CARREE Projection

Classifications
Cylindrical
Equidistant

Graticule
Meridians: Equally spaced straight parallel
lines half as long as the Equator.

Parallels: Equally spaced straight parallel
lines, perpendicular to and having same
spacing as meridians

Poles: Straight lines equal in length to the
Equator

Symmetry: About any meridian or the
Equator

Scale

True along the Equator and along all
meridians

Increases with the distance from the Equator
along parallels

Constant along any given parallel; same scale
at the parallel of opposite sign

Distortion

Infinitesimally small circles of equal size on
the globe (indicatrices) are ellipses except
along the Equator, where they remain circles
(fig. 6A). Areas of the ellipses also vary. Thus,
there is distortion of both shape and area.

Other features

Most simply constructed graticule of any
projection

Conceptually projected onto a cylinder wrapped
around the globe tangent to the Equator

Not perspective

Usage
Many maps during the 15th and 16th centuries
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Simple outline maps of regions or of the world Similar projections

or index maps
Used only for the Earth taken as a sphere

Origin

May have been originated by Eratosthenes
(2752-195? B.C.)

If meridians are compressed relative to
parallels, the Equirectangular projection (p. 24)
results.

Marinus of Tyre also credited with its invention

about A.D. 100

Aspects
Normal is described here.

Transverse aspect is the Cassini projection
(figs. 8A, 8B), which is also applied to the
ellipsoid.

Oblique aspect is rarely used (see fig. 9B).

Other names
Simple Cylindrical
Equidistant Cylindrical (particular form)



Figure 68.—Plate Carrée projection with shorelines, 15° graticule. Central meridian 90° W.
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Cylindrical Projections

EQUIRECTANGULAR Projection

Classifications
Cylindrical
Equidistant
N TN A7ATN AN AN TN AN AN AN TN TN N
Graticule IZE N A N k[/ N A NZEENG 7L N 7 N I~ N 7 N
Meridians: Equally spaced straight parallel
lines more than half as long as the Equator. N A A A A AN A A o~ A AN ™ A
Parallels: Equally spaced straight parallel L/ N N % 1/ 1 N N> 1V 1 N % U
lines, perpendicular to and having wider
spacing than meridians
Poles: Straight lines equal in length to the N M N N N M M M ) M N M 4
Equator o ee catalin feng — 0O 90— 00— 90— 00— O P00
Symmetry: About any meridian or the
Equator
N N /A JaRY N 4 /AR N M /AR JaR /] I
L/ 1 1 N 0/ U N N N N N \ \
Scale
True along two standard parallels equidistant
from the Equator and along all meridians ™~ T /TN /T /T~ /T~ /T T~ T /7T~ T ™~
Too small along the Equator but increases with e e e e e B B e N i
distance from the Equator along the parallels
Constant along any given parallel; same scale

at the parallel of opposite sign
Figure 7A.—Equirectangular projection with Tissot indicatrices, 30° graticule. Standard parallels 30° N. and S.

Distortion

Infinitesimally small circles on the globe

(indicatrices) are circles on the map at

latitudes 30° N. and S. for this choice of

standard parallels (fig. 7A). Elsewhere, area

Usage Die Rechteckige Plattkarte
Simple outline maps of regions or of the worid Projection of Marinus

or for index maps Gall Isographic (if standard parallels are

and local shape are distorted. Used only in the spherical form latitudes 45° N. and S.)
Other features Origin
Simple modification of Plate Carrée (p. 22) Marinus of Tyre about A.D. 100

having east-west compression
Conceptually projected onto a cylinder secant  Other names

to the globe along the chosen standard Equidistant Cylindrical
paraliels Rectangular
Not perspective La Carte Parallélogrammatique
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Figure 7B.—Equirectangular projection with shorelines, 15° graticule. Central meridian 90° W. Standard parallels 30° N. and S.
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CASSINI Projection

Cylindrical Projections

Figure 8A.—Cassini projection with Tissot indicatrices, 30° graticule.

Classifications

Transverse aspect of Plate Carrée (p. 22)
Cylindrical

Equidistant

Graticule

Central meridian, each meridian 90° from
central meridian, and the Equator are straight
lines.

Other meridians and parallels are complex
curves, concave toward the central meridian
and the nearest pole, respectively.

Poles: Points along the central meridian

Symmetry: About any straight meridian or the
Equator

Scale

True along the central meridian and along any
straight line perpendicular to the central
meridian

Increases with distance from the central
meridian, along a direction parallel to the
central meridian

Distortion

Function of the distance from the central
meridian. No distortion occurs along the central
meridian, but there is both area and local shape
distortion elsewhere. Long horizontal straight
lines near the upper and lower limits of figure
8A represent infinitesimal circles on the globe
90° from the central meridian.

Other features

Conceptually projected ontoc a cylinder tangent
to the globe at the central meridian

26
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Can be compressed north-scuth to provide a
Transverse Equirectangular preojection, but
rarely done

Usage

Topographic mapping (ellipscidal form) of
British Isles before the 1920’s; replaced by the
Transverse Mercator

Topographic mapping of a few countries
currently

Origin

Developed by César Francgois Cassini de Thury
(1714-84) for topographic mapping of France
in the middle 18th century



Figure 88.—Cassini projection with shorelines, 15° graticule. Central meridian 90° W.
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OBLIQUE PLATE CARREE

Cylindrical Projections

Projection

Classifications

Oblique aspect of Plate Carrée
Cylindrical

Equidistant

Graticule
Two meridians 180° apart are straight lines.

Other meridians and parallels are complex
curves.

Poles: Points away from central line

Symmetry: About either of the straight
meridians

Scale

True along the chosen central line (a great
circle at an oblique angle) and along any

straight line perpendicular to the central line.

Increases with distance from the central line
along a direction parallel to the central line.

Distortion

At a given distance from the central line,
distortion on figure 9A is the same as that on
the Plate Carrée (fig. 6A) .

Limiting forms
Plate Carrée (p. 22), if the Equator is the
central line

Cassini (p. 26), if a meridian is the central
line

28

Figure 9A.—Oblique Plate Carrée projection with Tissot indicatrices, 30° graticule. North Pole at +30° latitude, 0° longitude on base
projection.



Figure 9B.—Oblique Plate Carrée projection with shorelines, 15° graticule. Central meridian 90° W. North Pole at +30° latitude, 0°
longitude on base projection.
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CENTRAL CYLINDRICAL

Projection

Cylindrical Projections

Figure 10A.—Central Cylindrical projection with Tissot indicatrices,
30° graticule.

Classifications

Cylindrical

Perspective

Neither conformal nor equal area

Graticule

Meridians: Equally spaced straight parallel
lines

Parallels: Unequally spaced straight parallel
lines, closest near the Equator, but spacing
increases poleward at a much greater rate than
it does on the Mercator. Perpendicular to
meridians.

Poles: Cannot be shown

Symmetry: About any meridian or the
Equator

Scale

True along the Equator

Increases with distance from the Equator to
infinity at the poles

Changes with direction at any given point,
except at the Equator, but scale in a given
direction is constant at any given latitude or
at the latitude of opposite sign

Distortion

Shape, area, and scale distortion increase
rapidly away from the Equator, where there
is no distortion (fig. 104).

Other features

Projection is produced geometrically by
projecting the Earth’s surface perspectively

30

from its center onto a cylinder tangent at the
Equator. Should not be confused with the
Mercator (p. 10), which is not perspective.

Usage

Distortion is too great for any usage except
showing the appearance of the Earth when so
projected and contrasting with the Mercator.

Origin
Uncertain

Aspects
Normal is described above.

Transverse aspect (fig. 10C) is called the
Wetch projection, since it was discussed by
J. Wetch in the early 19th century.

Other names
Simple Perspective Cylindrical

Similar projections

Mercator projection (p. 10), which is not
perspective, also cannot show the poles, but
the poleward increase in the spacing of the
parallels does not occur as rapidly as it does
on the Central Cylindrical projection.

Gall (p. 33) and other perspective cylindrical
projections can be produced by moving the
point of perspective away from the center of
the Earth. The poles can then be shown.
Gnomonic projection (p. 116) is projected
perspectively from the center of the Earth onto
a tangent plane rather than a cylinder and is
very different in appearance.
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Figure 10B.—Central Cylindrical projection with shorelines, 15° graticule. Central meridian 90° W.

AL

rxF PN R r~

\;’\\ a

TR,

Pha \/\LW\

31



Cylindrical Projections
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GALL Projection

Cylindrical Projections

Figure 11A.—Gall projection with Tissot indicatrices, 30° graticule.

Classifications

Cylindrical

Perspective

Neither conformal nor equal area

Graticule

Meridians: Equally spaced straight paraliel
lines 0.77 as long as the Equator

Parallels: Unequally spaced straight paraliel
lines, closest near the Equator, but spacing
does not increase poleward as fast as it does
on the Mercator. Perpendicular to meridians.
Poles: Straight lines equal in length to the
Equator

Symmetry: About any meridian or the
Equator

Scale

True along latitudes 45° N. and S. in all
directions.

Constant in any given direction along any other
given latitude or the latitude of opposite sign
Changes with latitude and direction but is
always too small between latitudes 45° N. and
S. and too large beyond them

Distortion

None at latitudes 45° N. and S. Shape, area,
and scale distortion increases moderately away
from these latitudes but becomes severe at
poles (fig. 11A).

Other features

Projection is produced geometrically by
projecting the Earth perspectively from the
point on the Equator opposite a given meridian
onto a secant cylinder cutting the globe at
latitudes 45° N. and S.

Usage
World maps in British atlases and some other

atlases, as a projection somewhat resembling
the Mercator but having less distortion of area
and scale near the poles

Origin

Presented by James Gall of Edinburgh in 1855
as his Stereographic, which he preferred to his
Orthographic (equal-area) and Isographic
(equidistant) cylindrical projections presented
at the same time and also based on cylinders
secant at latitudes 45° N. and S.

Aspects
Only the normal aspect is used.

Other names
Gall Stereographic

Similar projections

Miller Cylindrical projection (p. 35) has
different spacing of the paraliels, and the line
of no distortion is the Equator rather than
latitudes 45° N. and S.

B.S.A.M. (Great Soviet World Atlas) projection
of 1937 is the same, except that the cylinder
is secant at latitudes 30° N. and S.

V.A. Kamenetskiy used an identical projection
for Russian population density in 1929, except
that the cylinder was made secant at latitudes
55° N. and S.

Guy Bomford of Oxford University in England
about 1950 devised a Modified Gall projection,
which is like the regular Gall in spacing except
that meridians are slightly curved at higher
latitudes to decrease scale exaggeration at the
poles.

Moir devised “The Times” projection in which
the straight parallels are spaced as they are
on the Gall projection but the meridians are
distinctly curved.
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Cylindrical Projections
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Figure 118.—Gall projection with shorelines, 15° graticule. Central meridian 90° W.
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Cylindrical Projections

M I LLE R CYLI N DR lc AL PI‘ o j e Cti on g:)%uéia:isziller Cylindrical projection with Tissot indicatrices,

Classifications Other features f
Cylindrical Parallels are spaced from the Equator by
Neither conformal nor equal area calculating the distance for 0.8 of the same rJ /J rJ
latitude on the Mercator and dividing the result [~ D - Db d)
Graticule by 0.8. Therefore, the two projections are
A almost identical near the Equator. A a
Meridians: Equally spaced straight parallel j b Y h
lines 0.73 as long as the Equator Usage NP NE: N A
Parallels: Unequally spaced straight parallel World maps in numerous American atlases and
lines, closest near the Equator, but spacing some other atlases, as a projection resembling D € &
does not increase poleward as fast as it does the Mercator but having less distortion of area
on the Mercator. Perpendicular to meridians.  and scale, especially near the poles S S S S N P AN S e T
Egllcjaast.oftralght lines equal in length to the Origin
. Presented by Osborn Maitland Miller (1897-
Symmetry: About any meridian or the 1979) of the American Geographical Society in
Equator 1942
Scale Aspects

Normal aspect is commonly used.

Oblique aspect has been used by the National
Geographic Society.

True along the Equator in all directions

Constant in any given direction along any other
given latitude; same scale at the latitude of

opposite sign Similar Projections

Changes with latitude and direction Gall projection (p. 33) has different spacing
of parallels. The lines of no distortion are at

Distortion latitudes 45° N. and S. rather than at the

None at the Equator. Shape, area, and scale  Equator.

distortion increases moderately away from the Miller proposed other alternates in 1942,
Equator but becomes severe at the poles (fig. including one identical with his preferred
124). cylindrical but using two-thirds instead of 0.8.
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Cylindrical Projections

MILLER CYLINDRICAL Projection
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Figure 12B.—Milier Cylindrical projection with shorelines, 15° graticule. Central meridian 90° W.
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SINUSOIDAL Projection

Pseudocylindrical Projections

Figure 13A.—Sinusoidal projection with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical

Equal area

Equally spaced parallels

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced sinusoidal curves
intersecting at the poles and concave toward
the central meridian.

Parallels: Equally spaced straight parallel
lines perpendicular to the central meridian
Poles: Points

Symmetry: About the central meridian or the
Equator

Scale

True along every parallel and along the central
meridian

Distortion

Severe near outer meridians at high latitudes
(fig. 13A) but can be substantially reduced by
interruption with several central meridians
(fig. 13G). Free of distortion along the Equator
and along the central meridian.

Usage

Atlas maps of South America and Africa.
Occasionally used for world maps. Formerly
used for other continental maps and star maps.
Combined with Mollweide projection to develop
other projections such as the Homolosine and
the Boggs.
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Origin

Developed in the 16th century. Used by J.
Cossin in 1570 and by J. Hondius in Mercator
atlases of the early 17th century. Often called

Sanson-Flamsteed projection after later users.

Oldest current pseudocylindrical projection.

Aspects

For educational purposes, it has been shown
in various aspects as examples of normal,
transverse, and oblique aspects of almost any
pseudocylindrical projection (figs. 13C-13F).

Other names
Sanson-Flamsteed
Mercator Equal-Area

Similar projections

Several other pseudocylindrical projections,
such as Craster Parabolic (p. 70) and Boggs
Eumorphic (p. 68), are very similar, but
parallels are not equally spaced, and meridians
are curved differently. Eckert V (p. 46) and
VI (p. 50) have sinusoidal meridians but have
lines for poles.
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SINUSOIDAL Projection
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Pseudocylindrical Projections

SINUSOIDAL Projection
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Pseudocylindrical Projections

McBRYDE-THOMAS FLAT-POLAR SINUSOIDAL Projection

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced sinusoids, concave toward
the central meridian.

Parallels: Unequally spaced straight parallel
lines, widest separation near the Equator.
Perpendicular to the central meridian.

Poles: Lines one-third as long as the Equator
Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 55°51' N. and S.
Constant along any given latitude; same for
the latitude of opposite sign

Distortion
Free of distortion only at latitudes 55°51’ N. and
S. on the central meridian (fig. 14A).

Usage
Basis of merged projections by McBryde (see
McBryde S3, p. 52)

Origin

Presented by F. Webster McBryde and Paul
D. Thomas through the U.S. Coast and Geodetic
Survey in 1949

Similar projections

Sinusoidal projection (p. 37) uses sinusoids for
meridians, but the poles are points.

Eckert VI projection (p. 50) uses sinusoids for
meridians and is equal area, but the poles are
lines half as long as the Equator.
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Figure 14A.—McBryde-Thomas Flat-Polar Sinusoidal projection, with Tissot indicatrices, 30° graticule.
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ECKERT V Projection

Pseudocylindricai Projections

Figure 15A.—Eckert V projection, with Tissot indicatrices, 30° graticule.

Classifications

Pseudocylindrical

Equally spaced parallels

Neither conformal nor equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced sinusoids, concave toward
the central meridian.

Parallels: Equally spaced straight parallel
lines. Perpendicular to the central meridian.
Poles: Lines half as long as the Equator
Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 37°55’' N. and S., if the
world map retains correct total area
Constant along any given latitude; same for
the latitude of opposite sign

Distortion

No point is free of all distortion, but the
Equator is free of angular distortion (fig.
15A).

Origin
Presented by Max Eckert (1868-1938) of

Germany in 1906. The projection is an
arithmetical average of the x and y coordinates
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of the Sinusoidal (p. 37) and Plate Carrée (p.
22) projections.

Similar projections

Eckert VI projection (p. 50) has meridians
positioned identically, but parallels are spaced
for equal area.

Winkel I (p. 48) is an average of coordinates
of the Sinusoidal and Equirectangular
projections.

Wagner 111 projection uses part rather than all
of the sinusoidal curve for meridians.
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WINKEL | Projection

Pseudocylindrical Projections

Classifications

Pseudocylindrical

Equally spaced parallels

Neither conformal nor equal area

Graticuie

Meridians: Central meridian is a straight line
0.61 (or other value) as long as the Equator.
Other meridians are equally spaced sinusoidal
curves, concave toward the central meridian.
Parallels: Equally spaced straight paraliel
lines. Perpendicular to the central meridian.
Poles: Lines 0.61 (or other value) as long as
the Equator

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 50°28' N. and S. (or other
chosen value)

Constant along any given latitude; same for
the latitude of opposite sign

Distortion
Not free of distortion at any point

48

Origin

Developed by Oswald Winkel (1873-1953) of
Germany in 1914 as the average of the
Sinusoidal (p. 37) and Equirectangular (p. 24)
projection in both x and y coordinates. When
the standard parallels of the Equirectangular
projection are varied, the standard parallels
and appearance of Winkel | vary. Use of
latitudes 50°28' N. and S. results in a map at
the correct total-area scale, but the local-area
scale varies.

Limiting form
Eckert V (p. 46), if the Equator is the standard
parallel
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Pseudocylindrical Projections

EC KERT V| PrOi eCtion Figure 17A.—Eckert VI projection, with Tissot indicatrices, 30° graticule.
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Classifications
Pseudocylindrical
Equal area
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Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced sinusoids, concave toward
the central meridian.

£/

Parallels: Equally spaced straight parallel D } ()

lines, widest separation near the Equator.

Perpendicular to the central meridian.

Poles: Lines half as long as the Equator A

Symmetry: About the central meridian or the \V

Equator

Scale

True along latitudes 49°16' N. and S.

Constant along any given latitude; same for

the latitude of opposite sign

Distortion Similar projections

Free of distortion only at latitudes 49°16' N. and Eckert V projection (p. 46) has meridians

S. at the central meridian (fig. 17A4) positioned identically, but parallels are equally
spaced.

Usage Wagner | projection (1932) is almost identical

Thematic world maps in Soviet World Atlas of to Eckert VI, but Wagner | uses only part of

1937 the sinusoidal curve. Kavrayskiy VI projection

Some recent use for climatic maps by U.S. (1936) is identical to Wagner 1. Werenskiold 11

publishers projection (1944) is the same as Wagner |,
except for scale.

Origin McBryde-Thomas Flat-Polar Sinusoidal (p. 44)

Presented by Max Eckert (1863-1938) of uses the full sinusoid and is equal area, but the

Germany in 1906. poles are one-third the length of the Equator.
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McBRYDE S3 Projectio

Classifications
Pseudocylindrical composite
Equal area

Graticule

Meridians: Where the central meridian extends
across the Equator, it is a straight line 0.44 as
long as the Equator. Other central meridians
in the usual interrupted form are straight and
half as long. Other meridians are equally
spaced sinusoidal curves, bending slightly at
latitudes 55°51’ N. and S., and all are concave
toward the local central meridian.

Parallels: Straight parallel lines, perpendicular
to the central meridian(s). Equally spaced
between latitudes 55°51’ N. and S.

Gradually closer together beyond these
latitudes

Poles: Interrupted straight lines totaling 0.31
the length of the Equator

Symmetry: About the central meridian or the
Equator (in uninterrupted form)

Scale

True along every latitude between 55°51' N. and
S. and along the central meridian within the
same latitude range. Constant along any given
latitude; same for the latitude of opposite
sign.

52

Distortion

Same as the Sinusoidal projection between
latitude 55°51’ N. and S. (see fig. 134). Same
as the McBryde-Thomas Flat-Polar Sinusoidal
projection beyond this range (see fig. 14A).
McBryde S3 is almost always used in the
interrupted form and has several central
meridians.

Usage

World map interrupted to show oceans or land
masses, by McBryde

Origin

Developed by F. Webster McBryde (1908~ )
of Potomac, Md., in 1977 as a merging of the
Sinusoidal with the McBryde-Thomas Flat-
Polar Sinusoidal projection at the parallels of
identical scale on the two projections, latitudes
55°51’ N. and S. U.S. Patent by McBryde.

Similar projections

Identical with the Sinusoidal (p. 37) between
latitudes 55°51’ N. and S.; identical with the
McBryde-Thomas Flat-Polar Sinusoidal (p. 44)
poleward of those latitudes, except that those
portions are closer to the Equator than they
are on the McBryde-Thomas Flat-Polar
Sinusoidal projection itself.

McBryde merged projections in several other
similar combinations, also in 1977.

Pseudocylindrical Projections
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MOLLWEIDE

Projection

Pseudocylindrical Projections

Figure 19A.—Mollweide projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Meridians 90° E.
and W. of the central meridian form a circle.
Others are equally spaced semiellipses
intersecting at the poles and concave toward
the central meridian.

Parallels: Unequally spaced straight parallel
lines, farthest apart near the Equator; spacing
changes gradually. Perpendicular to the central
meridian.

Poles: Points

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 40°44' N. and S.
Constant along any given latitude; same for
the latitude of opposite sign

Distortion

Severe near outer meridians at high latitudes
(fig. 19A) but can be substantially reduced if

interrupted with several central meridians (fig.
19D). Free of distortion only at latitudes 40°44’
N. and S. on the central meridian.

Usage

Occasional world maps, especially thematic
maps. Combined with Sinusoidal projection to
develop other projections such as the Goode
Homolosine and the Boggs.

Origin
Presented by Carl B. Mollweide (1774-1825) of
Germany in 1805
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Aspects

For educational purposes, it has been shown
in various aspects as examples of normal,
transverse, and oblique aspects of almost any
pseudocylindrical projection. The transverse
aspect has also been used by John
Bartholomew in The Times Atlas in England
in 1958 (fig. 19C).

Other names
Homolographic projection
Homalographic projection
Babinet projection
Elliptical projection

Similar projections
Goode Homolosine (p. 66) (Mollweide merged
with Sinusoidal)

Boggs Eumorphic (p. 68) (Mollweide averaged
with Sinusoidal)

D
1V

Bromley, by Robert H. Bromley in 1965
(Mollweide compressed from north to south
with east-west expansion to achieve no
distortion along the Equator)

Hyperelliptical, by Waldo R. Tobler in 1973
(equal-area pseudocylindrical having
“hyperelliptical” meridians that lie between the
Mollweide ellipses and a circumscribed
rectangle)
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Pseudocylindrical Projections

MOLLWEIDE Projection

used by John Bartholomew to highlight the Atlantic Ocean, with shorelines,
longitude on base projection.
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ECKERT III Prolectlon

Classifications

Pseudocylindrical

Equally spaced parallels

Neither conformal nor equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced semiellipses, concave
toward the central meridian. The outer
meridians (180° east and west of the central
meridian) are semicircles.

Parallels: Equally spaced straight parallel
lines. Perpendicular to the central meridian.

Poles: Lines half as long as the Equator

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 35°58’ N. and S., if the
world map retains correct total area (area
varies locally). Constant along any given
latitude; same for the latitude of opposite
sign.

Distortion

No point is free of all scale distortion, but the
Equator is free of angular distortion (fig.
20A).
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Pseudocylindrical Projections

Figure 20A.—Eckert Il projection, with Tissot indicatrices, 30° graticule.
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Origin
Presented by Max Eckert (1868-1938) of
Germany in 1906

Similar projections

Eckert 1V (p. 60) has meridians positioned
identically, but parallels are spaced for equal
area.

Putnins Py has meridians that are only
portions of semiellipses, but parallels are
equidistant.



L)

rARENN NN,

Nt S

f%“\\\rﬁﬂ\fﬁ\ﬁ\

I 1588 A BNEDS AR AN

[l

N

.
—

[ g jé /{i
: A
NV ¢ g

BEsaNENER

VA R Y]

L A L

SN2

AAS A

I N A I vl




ECKERT IV Projection

Pseudocylindrical Projections

Figure 21A.—Eckert IV projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced semiellipses, concave
toward the central meridian. The outer
meridians (180° east and west of the central
meridian) are semicircles.

Parallels: Unequally spaced straight parallel
lines, widest separation near the Equator.
Perpendicular to the central meridian.

Poles: Lines half as long as the Equator
Symmetry: About the central meridian or the
Equator

Scale
True along latitudes 40°30’ N. and S.

Constant along any given latitude; same for
the latitude of opposite sign

Distortion
Free of distortion only at latitudes 40°30' N. and
S. at the central meridian (fig. 21A).

Usage
Thematic and other worid maps in numerous
atlases and textbooks and for sheet maps

Origin
Presented by Max Eckert (1868—1938) of
Germany in 1906
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Like most projections, transverse and oblique
aspects can be prepared, although they are
seldom used in this case.

Similar projections

Eckert 111 (p. 58) has meridians positioned
identically, but parallels are equally spaced.
Putnins Py’ (p. 62) has meridians that are only
portions of semiellipses, but parallels are also
spaced for equal area.
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PUTNINS P,’ Projection

Figure

Pseudocyiindrical Projections

22A.—Putnin§ P,' projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced portions of ellipses (less
than semiellipses) that would intersect beyond
the poles and are concave toward the central
meridian. The meridians at 103°55’ east and
west of the central meridian are circular
arcs.

Parallels: Unequally spaced straight paraliel
lines, widest separation near the Equator.
Perpendicular to the central meridian.

Poles: Lines half as long as the Equator

Symmetry: About the central meridian or the
Equator

Scale
True along latitudes 42°59' N. and S.

Constant along any given latitude; same for
the latitude of opposite sign

Distortion

Distortion is not as extreme near outer
meridians at high latitudes as it is on pointed-
polar pseudocylindrical projections, but there
is considerable distortion throughout polar
regions (fig. 22A). Free of distortion only at
latitudes 42°59' N. and S. at the central
meridian.

Origin

Presented by Reinholds V. Putnins of Latvia
in 1934

62

N

N

N

DA

17777

SEEEXR

Dt

Similar projections

Wagner 1V projection (1949) is identical.
Werenskiold Il projection (1944) is identical,
except that true scale is maintained along the
Equator by enlarging the map.

Putnins P, equal-area projection (1934) uses
the same portions of ellipses, but the poles are
points.

Putnins P, and P, projections (1934) have
meridians identical in shape and position to
those of Putnins P, and P,’, respectively, but
parallels are equally spaced, and the
projections are not equal area.

Robinson projection (p. 82) is not equal area,
meridians are not elliptical, and parallels are
spaced differently.
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HATANO ASYMMETRICAL
EQUAL-AREA Projection

Pseudocylindrical Projections

Figure 23A.—Hatano Asymmetrical Equal-Area projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: The central meridian is a straight
line 0.48 as long as the Equator. Other
meridians are equally spaced elliptical arcs,
concave toward the central meridian, but the
eccentricity of each ellipse changes at the
Equator.

Parallels: Unequally spaced straight parallel
lines. Perpendicular to the central meridian.
Spacing not symmetrical about the Equator.
Poles: Lines. The North Pole is two-thirds as
long and the South Pole is three-fourths as long
as the Equator.

Symmetry: About the central meridian but not
about the Equator

Scale
True along latitudes 40°42' N. and 38°27’ S.

Constant along any given latitude; normally
different for the latitude of opposite sign

Distortion
Free of distortion only at latitudes 40°42' N. and
38°27’ S. at the central meridian (fig. 23A4).

Origin

Presented by Masataka Hatano of Japan in 1972
as a modification of the Mollweide and Putnins
P,’ projections
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Similar projections

Mollweide projection (p. 54) uses full
symmetrical semiellipses for meridians, and
poles are points.

Putnin§ P,' projection (p. 62) uses arcs less
than semiellipses for meridians, but they are
symmetrical about the Equator, and poles are
lines half the length of the Equator.

Hatano Symmetrical Equal-Area projection
(1972) uses the same graticule for the Northern
Hemisphere. The Southern Hemisphere is
symmetrical (the South Pole is also two-thirds
the length of the Equator).
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GOODE HOMOLOSINE Projection

Classifications
Pseudocylindrical composite
Equal area

Graticule

Meridians: In the interrupted form, there are
six central meridians, each a straight line 0.22
as long as the Equator but not crossing the
Equator. Other meridians are equally spaced
sinusoidal curves between latitudes 40°44' N.
and S. and elliptical arcs elsewhere, all concave
toward the central meridian. There is a slight
bend in meridians at the 40°44’ latitudes.
Paralleis: Straight parallel lines, perpendicular
to the central meridians. Equally spaced
between latitudes 40°44’' N. and S. Gradually
closer together beyond these latitudes as a pole
is approached.

Poles: Points

Symmetry: None in the usual interrupted form.
If uninterrupted, there is symmetry about the
central meridian or the Equator.

Scale

True along every latitude between 40°44’ N. and
S. and along the central meridian within the
same latitude range. At higher latitudes, scale
varies but is the same for the latitude of
opposite sign.

Distortion

Same as Sinusoidal projection between
latitudes 40°44’ N. and S. (see fig. 13A). Same
as Mollweide projecticn beyond this range (see
fig. 19A). Goode Homolosine projection is
almost always presented interrupted, as the
inventor originally intended.

66

Usage

Numerous world maps, especially in Goode’s
Atlas (Rand McNally)

Origin

Developed in 1923 by J. Paul Goode (1862-1932)
of the University of Chicago as a merging of
the Moliweide (or Homolographic) with the
Sinusoidal at the parallels of identical scale,
latitudes 40°44’ N. and S.; hence, the name
Homoleosine. Frequently plotted with some
northern regions repeated on different
interrupted sections to reduce discontinuities
of land.

Other names
Homolosine

Similar projections

Identical with Sinusoidal (p. 37) between
latitudes 40°44’ N. and S. and identical with
Mollweide (p. 54) beyond these latitudes, except
that the Mollweide portions are closer to the
Equator than they are on the original
projection

Sinu-Mollweide, devised by Allen K. Philbrick
in 1953, is a merging of the Mollweide, used
from the North Pole to latitude 40°44’ S., with
the Sinuscidal, used only south of latitude 40°44’
S. It is equal area.

In 1968, Gyorgy Erdi-Kraus used a special Flat-
Polar Sinusoidal projection between latitudes
60° N. and S. and the Mollweide projection
poleward. It is equal area only within each of
the two projections, which are at two different
area scales.

Pseudocylindrical Projections




T
- ™
AL [ %
AL T T
g R LA RN
%4 Wﬁﬁ%\\\\
: \mvxvelAA\
s = T
LT
@VMK Biesy Sy
‘ o /v/N
TR Al | b - T
. L | \ %/!/
- WHWLHH\UR
SO L
| I R I
T N I
-1 1/ S
[@ [ \L\\
A
T =
S
~ | 1 I

67



BOGGS EUMORPHIC Projection

Pseudocylindrical Projections

Figure 25A.—Boggs Eumorphic projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced complex curves intersecting
at the poles and concave toward the central
meridian.

Parallels: Unequally spaced straight parallel
lines perpendicular to the central meridian
Poles: Points

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 40°15’ N. and S.
Constant along any given latitude; same for
the latitude of opposite sign

Distortion

Distortion is severe near outer meridians at
high latitudes (fig. 25A) but can be
substantially reduced by interruption. Free of
distortion only at latitudes 40°15’ N. and S. at
the central meridian.

Other features

Designed as the arithmetic mean of the
Sinusoidal and Mollweide projections for north-
south (y) coordinates only, when drawn with
the same area scale
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Usage

Thematic world maps in atlases and textbooks,
usually in interrupted form

Origin

Presented by S. Whittemore Boggs (1884-1954)
of the U.S. Department of State in 1929

Similar projections

Several pseudocylindricals, such as the
Sinusoidal (p. 37) and Craster Parabolic

(p. 70).
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CRASTER PARABOLIC Proje

ction

Pseudocylindrical Projections

Figure 26A.—Craster Parabolic projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced parabolas intersecting at
the poles and concave toward the central
meridian.

Parailels: Unequally spaced straight parallel
lines, farthest apart near the Equator; spacing
changes very gradually. Perpendicular to the
central meridian.

Poles: Points

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 36°46’ N. and S.
Constant along any given latitude; same for
the latitude of opposite sign

Distortion

Distortion is severe near outer meridians at
high latitudes (fig. 26A) but somewhat less than
that of the Sinusoidal projection. Can be
substantially reduced by interruption (see
similar example for Sinusoidal, fig. 13G). Free
of distortion only at latitudes 36°46’ N. and S.
at the central meridian.

Usage
Thematic world maps in textbooks

Origin
Presented by John Evelyn Edmund Craster
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(1873-?) of England in 1929. Developed further
by Charies H. Deetz and O0.S. Adams in 1934

Aspects
Oblique aspect used for map of Asia by
National Geographic Society

Other names

Putnins P, independently presented in Latvia
in 1934,

Similar projections

Several pseudocylindricals, such as the
Sinusoidal (p. 37) and the Boggs Eumorphic
(p. 68)

Putnins P; projection (1934) has meridians,
poles, and Equator identical to those of the
Craster, but parallels are equally spaced.






Pseudocylindrical Projections

Classifications
Pseudocylindrical
Equal area

Graticule
Meridians: Central meridian is a straight line Jay
0.48 as long as the Equator. Other meridians
are equally spaced parabolic curves, concave
toward the central meridian.

Parallels: Unequally spaced straight parallel

lines, farthest apart near the Equator. K& K

Perpendicular to the central meridian.
Poles: Lines one-third as long as the Equator

N
Symmetry: About the central meridian or the \
Equator

Scale

True along latitudes 45°30’ N. and S.
Constant along any given latitude; same for
the latitude of opposite sign

Figure 27A.—McBryde-Thomas Flat-Polar Parabolic projection, with Tissot indicatrices, 30° graticule.

Distortion . .
Distortion is severe near outer meridians at Similar projections
high latitudes (fig. 27A4) but less than the Craster Parabolic projection (p. 70), equal area
corresponding distortion on pointed-polar with parabolic meridians but with pointed poles
projections. Free of distortion only at latitudes and a central meridian that is half the length
45°30' N. and S. at the central meridian. of the Equator
Putnins P4 projection (1934), equal area with
Usage parabolic meridians but with poles and a
Basis of merged projections by McBryde central meridian that are all half the length
of the Equator. Werenskiold I (1944) is identical
Origin to Putnins P4’ except for the scale.
Presented by F. Webster McBryde and Paul Putnins P53’ projection (1934) has meridians,
D. Thomas through the U.S. Coast and Geodetic  poles, and Equator identical to those of Putnins
Survey in 1949 P4/, but parallels are equally spaced.
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Pseudocylindrical Projections

Q U A RTI C A UTH A L I C P I'Oi eCt i 0 l"l Figure 28A.—Quartic Authalic projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
0.45 as long as the Equator. Other meridians
are equally spaced curves fitting a fourth-order
(quartic) equation and concave toward the
central meridian.

Parallels: Unequally spaced straight parallel
lines, farthest apart near the Equator. Spacing
changes gradually. Perpendicular to the central
meridian.

Poles: Points

Symmetry: About the central meridian or the
Equator

Scale

True along the equator

Constant along any given latitude; same for
the latitude of opposite sign

Distortion

Distortion is severe near outer meridians at
high latitudes (fig. 28A4) but somewhat less than
that of the Sinusoidal projection. Distortion can
be substantially reduced by interruption (see
similar example for Sinusoidal, fig. 13G). Free
of distortion along the Equator.

Usage
Basis for McBryde-Thomas Flat-Polar Quartic
projection (p. 76)
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Origin

Presented by Karl Siemon (?-1937) of Germany
in 1937. Independently presented by Oscar
Sherman Adams (1874-1962) of the U.S. Coast
and Geodetic Survey in 1945.

Similar projections
Several pseudocylindricals, such as the
Sinusoidal (p. 37)

Eckert-Greifendorff (p. 166) has slightly curved
parallels.
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McBRYDE-THOMAS FLAT-POLAR QUARTIC Projection

Pseudocylindrical Projections

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Central meridian is a straight line
0.45 as long as the Equator. Other meridians
are equally spaced curves fitting a fourth-order
(quartic) equation and concave toward the
central meridian.

Parallels: Unequally spaced straight parallel
lines, farthest apart near the Equator.
Perpendicular to the central meridian.
Poles: Lines one-third as long as the Equator

Symmetry: About the central meridian or the
Equator

Scale
True along latitudes 33°45' N. and S.

Constant along any given latitude; same for
the latitude of opposite sign

Distortion

Distortion is severe near outer meridians at
high latitudes (fig. 29A) but less than the
corresponding distortion on pointed-polar
projections. Free of distortion only at latitudes
33°45’ N. and S. at the central meridian.

Usage
Examples in various geography textbooks.
Basis of merged projections by McBryde.

Origin
Presented by F. Webster McBryde and Paul

76

P SRR

1V

N\

Figure 29A.—McBryde-Thomas Flat-Polar Quartic projection, with Tissot indicatrices, 30° graticule.

D. Thomas through the U.S. Coast and Geodetic
Survey in 1949

Other names
Flat-Polar Quartic projection

Similar projections

Quartic Authalic projection (p. 74), the basis
of this projection, has pointed poles.

Other McBryde-Thomas projections also have
poles one-third the length of the Equator and
otherwise resemble the projection described
here.
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PUTNINS Ps; Projection

Pseudocylindrical Projections

Figure 30A.—Putnir_1§ Ps projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical

Equally spaced parallels

Neither conformal nor equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are equally spaced portions of hyperbolas,
concave toward the central meridian.
Parallels: Equally spaced straight parallel
lines, perpendicular to the central meridian.
Poles: Points

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 21°14’ N. and S.

Constant aicng any given latitude; same for
the latitude of opposite sign. Constant along the
central meridian.

Distortion
Similar to other pointed-polar cylindricals but
not free of distertion at any peint (fig. 30A).

Origin
Presented by Reinholds V. Putnins of Latvia
in 1934

Similar projections
Putnin§ Ps equal-area projection (1934) has
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hyperbolic meridians identical in shape to those
of the pointed-polar Ps; parallels are straight
but are spaced for equal area.

PutninS Ps’ projection (1934) has hyperbolic
meridians, but the poles are straight lines half
the length of the Equator. Parallels are equally
spaced. The projecticn is not equal area.
PutninS P¢' equal-area projection (1934) has
hyperbolic meridians identical in shape to those
of the flat-polar Ps’, but parallels are straight
lines spaced for equal area.
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Pseudocylindrical Projections

DENOYER SEMI-ELLIPTICAL Projection

Classifications

Modified pseudocylindrical
Equally spaced parallels

Neither conformal nor equal area

Graticule

Meridians: Central meridian is a straight line
half as long as the Equator. Other meridians
are curves that are nearly elliptical areas and
nearly equally spaced, with some spreading
near the outer limits; all are concave toward
the central meridian.

Parallels: Equally spaced straight parallel
lines. Perpendicular to the central meridian.
Poles: Lines about 0.31 times the length of the
Equator

Symmetry: About the central meridian or the
Equator

Scale

True along the central meridian and the
Equator

Constant along any given latitude; same for
the latitude of opposite sign

Distortion
Free of distortion along the Equator (fig. 31A)

Usage
By Denoyer-Geppert in thematic maps and
atlases of the early and middle 20th century

Origin

Developed by L. Philip Denoyer of Chicago
about 1920. Exact design basis not known.
Empirical approximations are used for
computer plots.
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Figure 31A.—Denoyer Semi-Elliptical projection approximation, with Tissot indicatrices, 30° graticule.



"gt

s s - NN NN
TAR T g@i\g\\
) ////Sé/)f\\\-\ X \

r Semi-Elliptical projection approximation, with shorelines, 15° graticule. Central meridian
. 4 \\f\\o




ROBINSON Projection

Pseudocylindrical Projections

Figure 32A.—Robinson projection, with Tissot indicatrices, 30° graticule.

Classifications
Pseudocylindrical
Neither conformal nor equal area

Graticule

Meridians: Central meridian is a straight line
0.51 as long as the Equator. Other meridians
resemble elliptical arcs, are equally spaced,
and are concave toward the central meridian.
Parallels: Straight parallel lines, equally
spaced between latitudes 38° N. and S.; space
decreases beyond these limits.

Poles: Lines 0.53 as long as the Equator

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 38° N. and S.

Constant along any given latitude; same for
the latitude of opposite sign

Distortion

No point is completely free of distortion, but
distortion is very low within about 45° of the
center and along the Equator (fig. 32B).
Considerable distortion near the poles.

Usage

By Rand McNally in Goode’s Atlas for thematic
world maps and in numerous other
publications

Origin

Presented by Arthur H. Robinson (1915-
the University of Wisconsin in 1963, at the
request of Rand McNally and Company. Uses

) of
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tabular coordinates rather than mathematical

formulas to make the world map “look” right.

Other names
Orthophanic (“right appearing”)

Similar projections

Putnins Py’ (p. 62), an equal-area projection
on which meridians are elliptical arcs

In 1968, Janos Baranyi presented seven
pseudocylindrical projections characterized by
various graduated tabular spacings of the
parallels. The poles are usually points but
occasionally are lines, and the outer meridians
180° from the central meridian are circular arcs
combined in some cases with straight lines. His
projections are neither equal area nor
conformal.
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COLLIGNON Projection

Pseudocylindrical Projections

Classifications
Pseudocylindrical
Equal area

Graticule
Meridians: Equally spaced straight lines
converging at the North Pole

Parallels: Unequally spaced straight parallel
lines, farthest apart near the North Pole,
closest near the South Pole. Perpendicular to
the central meridian.

Poles: North Pole is a point; South Pole is a
line 1.41 times as long as the Equator
Symmetry: About the central meridian

Scale
True along latitudes 15°51' N.

Constant along any given latitude; different for
each latitude

Distortion
Severe in many regions. Free of distortion only
at latitude 15°51’ N. at the central meridian.

Usage
Novelty showing straight-line equal-area
graticule

Origin
Presented by Edouard Collignon of France in
1865

Similar projections

Eckert | (p. 86) and Il (p. 88) also use straight
lines for both meridians and parallels, but
meridians are broken at the Equator.

The Trapezoidal projection has equidistant
straight parallel lines for parallels and
converging straight meridians equally spaced

84

along each parallel (top and bottom paraiiels
and perpendicular central meridian true to
scale). It was used for numerous maps from
the 15th to the 18th centuries but is neither
equal area nor conformal.

Polyhedric projection, formerly used for large-
scale mapping in various parts of central
Europe. There were various forms, all
resembling the Trapezoidal projection but
applied to the ellipsoid.



Figure 33.—Collignon projection, with shorelines, 15° graticule. Central meridian 90° W.
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ECKERT | Projection

Pseudocylindrical Projections

Figure 34A.—Eckert | projection, with Tissot indicatrices, 30°
graticule.

Classifications

Pseudocylindrical

Equally spaced parallels

Neither conformal nor equal area

Graticule

Meridians: Equally spaced converging straight
lines broken at the Equator. Central meridian
is half as long as the Equator.

Parallels: Equally spaced straight parallel
lines, perpendicular to the central meridian.
Poles: Lines half as long as the Equator

Symmetry: About the central meridian or the
Equator

Scale

True along latitudes 47°10' N. and S.

Constant along any given latitude; same for
the latitude of opposite sign. Constant along any
given meridian.

Distortion

No point free of distortion (fig. 34A). Break at
the Equator introduces excessive distortion
there. Discontinuous ellipses are shown there
owing to the plotting algorithm; actually, the
shape is indeterminate on the Equator.

Usage
Novelty showing straight-line graticuie

Origin
Presented by Max Eckert (1868-1938) of
Germany in 1906

Similar projections

Eckert Il (p. 88) has meridians positioned
identically, but parallels are spaced for equal
area.
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Pseudocylindrical Projections

Figure 35A.—Eckert Il projection, with Tissot indicatrices, 30° graticule.

ECKERT Il Projection

Classifications
Pseudocylindrical
Equal area

Graticule

Meridians: Equally spaced straight lines
broken at the Equator. Central meridian is half
as long as the Equator.

Parallels: Unequally spaced straight parallel

M~
N>

Ll d d L L]

True along latitudes 55°10’ N. and S.
Constant along any given latitude; same for
the latitude of opposite sign

lines, widest separation near the Equator. CJ

Perpendicular to the central meridian.

Poles: Lines half as long as the Equator w\\\:\:\\& f /:/ /7
Symmetry: About the central meridian or the M

Equator NV

Scale

XIREEY

Distortion Origin

Free of distortion only at latitudes 55°10’ N. and
S. at the central meridian (fig. 35A). Break at
the Equator introduces excessive distortion
there. Discontinuous ellipses are shown there
owing to the plotting algorithm; actually, the
shape is indeterminate on the Equator.

Usage

Novelty showing straight-line equal-a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>